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TECHNICAL NOTE No. 1671 

EiJj'FECT OF TAPEZRATIO ONLCW-SI?E3DSTATICANDY~G 

STABILITYDER~ATIV33S OF 45°SiKlECBACKm 
WITH ASFEET RATIO OF 2.61 

By William Letko and. John W. Sowan 

SUMMARY 

A low-speed wFnd-tunnel inveati@tion was made to determine the 
effect of taper ratio on the static and yawing stability derivatives of 
three tapered wings each with a constant sweepback of 450 at the quarter- 
chord line and with an aspect ratio of 2.61. The wings were of the 
NACA 0012 airfoil section in planes perpendicular to the quarter-chord 
line. The win@ had taper ratios of 1.00, 0.50, and 0.25. 

The results of the tests in straight flow indicated that the Lift- 
curve slope at low and moderate lift coefficients was almost unaffected 
by chasges Fn taper ratio. The aerodynamic center at low lift coefficients 
shifted rearward ll percent of the mean aeromc chord with a decrease 
in taper ratio from 1.00 to 0.25. For low and moderate lift coefficients, 
the rate of change of effective dihedral with lift coefficient decreased 
as the wing taper ratio decreased. 

The results of the tests in yawing flow indicated that the rate of 
change of rolling moment due to yawing with lift coefficient decreased 88 
the wing taper ratio-decreased. The chsqe in taper ratio had little 
effect on the yawing moment due to yawing. 

In general, the trends Fn the characteristics resulting from effects 
of taper were indicated with fair accuracy by the available theory. 

INTRODUCTION 

Estimation of the dynamic flight chmacteristics of airplanes 
requires a knowledge of the component forces and moments resulting from 
the orientation of the airplane tith respect to the air stream and from 
the rate of angular motion of the airplane about each of its axes. The 
forces and moments resulting from the orientation of the airplane normally 
are expressed as the static stability derivatives, which are readily 
dete3xnined from conventional wind-tunnel tests. The forces and moments 
resulting from the angular motions (rotary derivatives) have generally 
been estimated from theory because of the lack of a convenient,experi- 
mental technique. 
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The recent application of the rolling-flow and curved-flow 
principle in the Langley stability tunnel has made possible the 
determination of both rotary and static stability derivatives with 
about the same ease. Preliminary tests (data obtained In the Langley 
stability tunnel) have indicated that althou& the rotary stability 
derivatives of unswept wings of moderate or hi& aspect ratio can be 
predicted quite accurately from the available theory, the use of 
sweep and, perhaps, low aspect rat&o introduces effects which are not 
readily amenable to theoretical treatment... For this reason, a systematic 
research program has been established for the purpose of determining 
the effects of various geometric variables on both rotary and static 
stability characteristics. 

This paper presents the results of an investigationmade to 
determine the effect of taper ratio on the static and yawing stability 
derivatives of three tapered wings each with a constant sweepback of 45O 
at the quarter-chord line and with an aspect-ratio of 2.61. The experi- 
mental results are compared with theory. 

. 
The data are presented in the form oPstanderd NACA coefficients of 

forces and moments which are referred, in all cases, to the stability 
axes with the origin at the quarter-chord potit of the mean aerodynamic 
chord of the models tested. The positive djrections of--the forces, 
moments, and. angular displacements are shown in figure 1. The coefficients 
and symbols used herein are defined as follows: 
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lift coefficient (L/qS) 

longitudinal-force coefficient- (X/qS) 

drag coefficient (-CX for J/ = O") 

latersl-force coefficient (Y/qS) 

rolling-moment coefficient (L'/qSb) 

pitching-moment-coefficient (M/q%) 

yawing-moment coefficient (N/qSb) 

lift. 

lon@,tudinal force 

lateral force 

rolling moment about X-axis 
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pitching moment about Y-axis 

yating moment about Z-axis 

dpamlc pressure 
< 1 

$2 

mass density of air 

free-stream velocity 

wing area 

span of wing measured perpendicular to axis of symmetry 

chord of wing; measured parallel, to.axis of symmetry 

mean aerodynamic chord @Lb', cq 

distance measured perpendicular to the Uds of sYnrmetry 

distance of quarter-chord point of any chordwise section from 
leading edge of root section 

distance from leading edge of root chord to quarter chord of 

mean aerodynamic chord 

aspect ratio (b2/S) 

@Lb'2 cx 3 

taper ratio (Tip chord/Root'chord) 

an&e of attack measured In plane of symmetry, depe8S 

angle of yaw, degrees 

an&e of sweep, degrees 

yawing-velocity parameter 

yawing angu3.ar velocity, radians per second 
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ac, 
cYlr,= a7 

% c2, = - 
$2 

2v 

ac, 
'yr = rb a- 2V 

ARFARATUS,ARDTESTS 

The tests reported herein were conducted in the 6- by 6-foot test 
section of the Langley-stability tunnel. In this test section, curved 
fli@t is approximately simulated by causing the air to flow in a curved 
path about a fixed model. 

The models tested were three wings of NACA 0012 airfoil section in 
planes perpendicular to the quarter-chord line. The wings had taper 
ratios of 1.00, 0.50, end 0.25. For details of these wings, see 
figures 2 and 3. In the present tests, the models were mounted rigidly 
on a single support strut at the quartelcchord point of the mean 
aerodynamic chord of the model. The forces and moments were measured 
by means of electrical strain gages mounted on the strut; 

All the tests were made at a dynamic pressure of 24.9 pounds per 
square foot, which corresponds to a Mach number of 0.13. The test 
Reynolds numbers based on the mean aerodynamic chord of the models 
varied from about l,lOO,COO for the wing with a taper ratio of 1.00 
to l,23O,OOO for the wing with a taper ratio of 0.25. 

The characteristics of the wings were determined in both straight 
and yawing flow. In the straight-flow tests, six-component measurements 
were made for each wing through an angle-of-attack range from about -4' 
up to and past the angle of msximum liftrat angles of yaw of O" and %O. 
The tests in yawing flow were made at en angle of yaw of 0' and for 
four different wall curvatures corresponding to the .values of rb/2V 
of 0, 4.0316, -0.0670, and -0.0883. In the yawing-flow tests each 
model was tested through an angle-f-attack range from about A0 up to 
and past the angle for maximum lift coefficient. 

. 

c 
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CORRECTIONS 

Approximate corrections, based on unswept-wing theory, for the 
effects of the jet boundaries have been applied to the an&e of attack, 
the longitudinal-force coefficient, and the roll--moment coefficient. 
The lateral-force end yawing-moment coefficients have been corrected for 
the buoyancy effect of the static-pressure gradient associated with 
curved flow. 

The values of Cl, have been corrected for the tare associated witi 
the Jqduced load resulting from the presence of the strut for the wing 
at an angle of attack of O". The same correction was applied throughout 
the angle-of-attack range. 

No other tare corrections have been applied to the data. Corrections 
for the effects of blocking, turbulence or for the effects of static 
pressure gradient on the boundary-layer flow have not been applied to 
these results. 

RBULTSANDDISCDSSION 

Characteristics in Straight Flow 

For the range of taper ratio investigated, the change in taper 
ratio had little effect on the longitudinal-force coefficients at low 
and moderate lift coefficients. At high lift coefficients, higher 
longitudinal-force coefficients were obtained with the wings of 
decreased taper ratio (fig. 4), probably because of more severe tip 
stalling. Calculations (reference 1) have indicated that the induced 
drag of sweptback wings is not greatly different from the Induced 
drag of elliptic unswept wings. The increment of drag that is not 

CL2 associated with lift is, therefore, approximately CD - -. 
CL2 

%A Curves 

OfCD-- 
KA 

plotted against CL for the three wings considered in 

the present investigation are shown in figure 5. The r&pid rise in 
the curves above a lift coefficient of about 0.6 indicates the presence 
of flow separation from certain parts of the wing. Large changes in 
some aerowc characteristics may occur when separation begins, as 

CL2 is indicated by the increase Fn the value of drag increment CD - -. 
YCA 

At a lift coefficient of about 0.6, all the wings showed an increase 
in the lift-curve slope, but the increase became smaller as the taper . 
ratio decreased. (See fig. 4.) At lift coefficients less than 0.6, 
change in taper ratio had very little effect on the lift-curve slope. 
As can bs seen from figure 6, the trend of the slopes obtained experimentally 



6 NACA TN No. 1671 

for this range of lift--coefficients is not in agreement with the 
trend in $,c pred$cted for taper by the Weissinger theory end 
presented in refer&x 2. 

Decrease in taper ratio had little effect on the me~cimum lift 
coefficient; however, the angle of-attack for maximum lift coefficient 
is increased with a decrease in taper ratio. 

The effect of taper ratio on the pitching-mnt coefficients can 
be seen in figure 4. The position of the aeromc center for each 
wing was computed from these data for 1stcoefficients up to 0.6 and. 
the data are presented in figure 6 together with the theoretical 
variation of the position of the aerodynamic center with taper ratio 
as obtained from reference 2. The experimental data indicate a 
rearward. shift (equal to about 11 percent of the M.A.C.) of the 
aerodynamic center as the tayer ratio is decreased from 1.00 to 0.25. 
This movement is in fair agreement with theory; however, the experimental 
data in each case indicate a more rearward position of the aerodynamic 
center than that predicted by theory. For the wing with taper ratio 
of 1.00 (see fig. 4), a-re erward shift in the aerodynamic center of 
about ll percent mean aerodynamic chord occurs at a lift coefficient of 

( 
CL2 about 0.6 lift coefficient at which the drag increment CD - z starts 

to rls a . Only a small shift in aerodynamic center occurred at this lift 
coefficient for the ting with taper ratio of 0.50 and almost no shift 
for the wing with taper ratio of 0.25. Some chmges in aerodpamic- 
center position, therefore, can probably be avoided through the proper 
choice of taper ratio. For these tests the stabilizing shift of the 
aerodynamic center encountered above a lift coefficient of 0.6 for the 
wing with taper ratio of 1.00 was minimized by decreasing the taper ratio. 

The effect of taper ratio on-the static lateral-stability derivatives 
can be seen in figure 7. The values of Ct $ increased almost linearly 
but at sli@tly different rates with lift coefficient for each wing 
tested and reached a l~laximum at a lift coefficient ofabout 0.6. The 
maximum value of Cl 

* 
obtained decreased with a decrease in taper ratio, 

probably because the tip-stalling tendencies of sweptback wings are 
aggravated by a reduction in taper ratio. 

For low and moderate lift coefficients, the rate of change of 
effective dihedral C2 with lift coefficient CL decreased with a 
decrease in taper ratio! X and this variation is shown in figure 8, 
which is a plot of 

"lda 
a&net X. The value of C@L at taper 

ratio of 0 was obtained from reference 3 for a triangular-plan-form wing 
of NACA 0012 airfoil section having an aspect ratio of 3. The quarter- 
chord line of this wing was sweptback 45O. Although the aspect ratio 
for this wing was slightly higher than that of the other wings reported 
herein, it is believed that the value of C %PL for the wing with 
taper ratio of 0 would not-be altered enough to make an appreciable 
difference in the variation shown. 

.- 

I 
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For comparison, the theoretical variation of CQ/CL with X for 
45O sweptback wings is also shown in figure 8. The theoretical variation 
was determined by the methods presented in reference 4. Although these 
values of Czq/% are lower than the test values,‘the decrease in the 
values with a decrease in taper ratio is similer to the test results. 

The previous discussion dealt with the variation of cz.l#/cL at 
lift coefficients below 0.6. Beyond a lift coefficient of about 0.6 
(see fig. 7), the values of Cl* deviated from their original linear 
trend and the values of CzJ, decreased rapidly with an increase in lift 
coefficient. The devgations of the experimental data from the initial 
slopes probably results from tip stalling, an.indication of which, as 

EL2 ~3s pointed out before, may be the increase in the quantity CD - -=- 
that results with an increase in lift coefficient. Any variations 
in test conditions, such as an increase inReynolds number, that might 

CL2 cause the quantity CD - x to increase rapidly at a higher lift, 
coefficient probably would also cause the derivative Cl $ to maintain 
its initial linear trend to a hi&er lift coefficient. 

. The effect of taper ratio on the values of 
% 

and Cylk is small 
and is probably unimportant. 

Characteristics Fn Yawing Flow 

The rate of change of rolling moment due to yawing Ct, with lift 
coefficient C-L generaUy decreased slightly with a decrease taper 
ratio x. (See fig. 9.) At a lift coefficien&gf about 0.6 lift Q 
coefficient at which the drag increment CD - z starts to rise the 1 
variation of C2 r with CL shows an abrupt change from the initIa1 
linearity. 

The test values of C@L are compared in figure 10 with theoretical 
results computed by the methods of reference 4. The test values show a 
trend with taper ratio similer to that predicted by theory but in each 
case the test points aze higher than the theoretical values. 

The change In taper ratio has very little effect on the values of Cnr 
at low end moderate lift coefficients as c&z1 be seen in figure 9. The 
theoretical values of Cn, are campared with test data in figure ll and 
the aseement is g00a except at lift coefficients at or near the stall. 

The values of Cyr become more positive with a decrease in taper 

ratio. (See fig. 9.) This change, however, is probably of little 
significesce with regard to airplane stability. 
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CONCLUSIONS 

The results of a low-speed wind-tunnel investigation made to 
determine the effect-of taper ratio on the static and yawing stability 
derivatives of three tapered wings each tit& a constant sweepback 
of 45O at the quarter-chord ltie and with an aspect-ratio of 2.61 
inticatea the following conclusions: 

1. In general, the trends in the characteristics resulting from 
effects of taper ratio were indicated wPth fair accuraq by the 
available theory. 

For tests in straight flow: 

2. The lift-curve slope was almost unaffected by changes in taper 
ratio at low &3d moderate U-t coefficients. 

3. The aerody-namlc center at low lift coefficients shifted rearward 
XL percent of the mean aerodynamic chord with a change in taper ratio 
ti0m 1.00 t0 0.25. 

4. For low and moderate lift coefficients, the rate of change of 
effective dihedral with lift--coefficient decreased with a decrease in 
taper ratio. 

For tests in yawing flow: 

5. The rate of change of rolling moment due to yawing with lift 
coefficient decreased with a decrease in taper ratio. 

6. The change in taper ratio had little effect on the yawing 
moment due to yawing. 

. 

. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Ta., May 6, 1948 
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Figure 1. - System of axes used. Positive directions of forces, moments, and 
angles are indicated, 

. 
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Figure 2.- Photograph of wing having taper ratlo of 0.25 mounted in curved- 
flow test section of Langley stability tunnel. 
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LOO 

Figure 3.- Plan forms and dimensions of tapered wings tested in Langley 
stability tunnel. (AU dimensions are in inches.) 
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Figure 4. - Variation of longitudinal-force and pitching-moment coefficients and 
angle of- attack with lift coefficient for wings tested, 
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Figure 5. - Variation of increment in drag 

CL2 
‘D - rA with lif? coeftklent for 

whgs tested. 

Figure 8. - Comparison of theoretical and experi - 
mental variations of CL and position of 

a 
aerodynamic center with taper ratio for wings 
tested. CL < 0.6. 

G 
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Figure 7.- Variation of C 
Y4-’ cnq and C, with lift coefficient for 

* 
wings tested. 



&?c! 

G -+%J 
L 

0 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0 

- 

- 

- 

- 

- 

- 

7 

- 

- 

.2 9 ,6 .6 A0 
raper rufq it 

Figure 8.- Comparison of experimental and theoretical. variation of q 
JCL 

with taper ratio. CL < 0.6. 
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Figure 9.- 

-. .-2 0 2 + .6 .B 110 

Lift coefficien~C, 
Variation of Cyr,. Cnr , and C, 1: with lift coefficient for wings 

tested. $ = O”. 
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Figure lO.- Comparison of theoretical ad experimental variation of C 
%/CL 

with &per ratio for wings tested, q = 0’; CL < 0.6. 
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Comparison of experimental and theoretical variation of C, with 
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lift coefficient for wings tested. V = 0’. 


